High-risk genital human papillomavirus (HPV) infection is aetiologically linked to cervical cancer; however, data on the prevalence and determinants of high-risk HPV infection in Uganda are limited. We conducted a population-based cross-sectional survey among 18-49-year-old women in rural Southwest Uganda. The primary outcome was presence or absence of high-risk HPV DNA (for genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 or 68) in the genital secretions as determined by HPV DNA Hybrid Capture 2 assay (Digene Corp, Beltsville, MD, USA). In 314 women who participated, the prevalence of high-risk HPV was 17.2% (54/ 314; 95% confidence interval [CI]: 13 -21). Older women had a lower proportion of high-risk HPV infection; with a 9% decrease in the odds ratio (OR) of high-risk HPV infection per year increase in age (OR ¼ 0.91; 95% CI: 0.86, 0.96). The odds of detecting high-risk HPV infection was higher among women who were previously tested positive for HIV (OR ¼ 12.1; 95% CI: 2.8, 52.3). In this population of rural Ugandan women, the prevalence of high-risk cervical HPV infection was high. Information on predictors of high-risk HPV infection and intention to receive a vaccine can guide future immunization initiatives for young sexually active women.
INTRODUCTION
Infection with high-risk types of human papillomavirus (HPV) infection is a cause of cervical cancer in women. 1 In African countries, rates of cervical cancer have increased concomitantly with AIDS epidemic. 2, 3 Among African women, estimated HPV prevalence has ranged from 18% to 60% with higher rates observed among HIV-infected women. 2 -4 Studies performed in East Africa have correlated HIV infection specifically with high-risk HPV genotypes 16 and 18, which are most frequently associated with malignant transformation. 5 Although necessary, HPV infection may not be a sufficient cause for cervical neoplasia as other host -environment and virus-related factors are implicated as well. 6, 7 In Uganda, the rate of cervical cancer has more than doubled since the 1950s to become the most commonly registered tumour among women, and incidence is now the highest recorded on the African continent. 8 Compared with the USA, age-adjusted cervical cancer incidence per 100,000 population is 4.7 times higher in Uganda (36.3 vs. 7.7) and age-adjusted rates of death because of cervical cancer is 12.7 times higher (29.3 vs. 2.3). 9 The greater disparity in cervical cancer mortality highlights the lack of formal screening programmes for cervical cancer and widely available technologies to establish HPV infection apart from PAP smears, which are not routinely performed. 10 Immunization against high-risk HPV may have high value in the developing countries where 80% of the global burden of cervical cancer occurs each year and where Pap screening has been largely ineffective. 11 An understanding of the epidemiology of HPV in Uganda is needed to effectively implement an HPV vaccination programme. In this study, we estimate the prevalence of high-risk HPV infection in a population-based sample of sexually active women residing in Bushenyi District, Uganda where a district-wide, home-based HIV testing programme has been in place since 2005. In addition, we examine the extent that established risk factors are associated with HPV infection in this study setting.
MATERIALS AND METHODS

Study design
From July to August 2005, we conducted a cross-sectional study among a population-based sample of the residents of Sheema County in Bushenyi District of rural Southwestern Uganda. Bushenyi District is the site of a district-wide home-based HIV voluntary counselling and testing programme which began in February 2005. Results from testing through December 2006 indicated an HIV prevalence of 4.9%. 12 We used a multistage sampling procedure to approach individuals for the study. First, we selected at random one Parish in each of the three sub-counties of Sheema County. Within each Parish, we randomly selected 33% of villages and approached all households that were registered with the local council level 1 (LC1) administration. One person per household was selected at random among those who met the eligibility criteria and was asked to participate in the study. Eligibility criteria included being a woman between 18 and 49 years of age, a resident of the county, having had sexual intercourse in the previous 12 months, no previous hysterectomy, and willingness to provide a self-collected vaginal specimen. Based on the previous studies conducted in Uganda, we expected the prevalence of high-risk HPV to be approximately 15%. 13 To estimate this prevalence and its 95% confidence interval with +4% precision, we calculated a required sample size of 306 women.
Following the informed consent procedure, women were interviewed in their homes using a pre-tested, 55-item questionnaire about sociodemographic characteristics, reproductive and sexual history, alcohol and tobacco use. Women were also asked to provide a self-collected vaginal sample using the Hybrid Capture (HC) Cervical Sampler (Digene Corporation, Bethesda, MD, USA) according to the manufacturer's protocol for HPV DNA testing. 14 The total encounter with the study participants was 30 minutes on an average. The specimens were kept at room temperature (18 -258C) and shipped to University Hospitals of Cleveland Biomedical Laboratory (Cleveland, OH, USA) for analysis using the Hybrid Capture II (HC2) microtitre high-risk HPV DNA assay (Digene Corporation). The HC2 assay detects the presence of HPV high-risk DNA types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68 and performed according to the manufacturer's guidelines. Briefly, a cocktail of HPV type-specific RNAs is hybridized to the DNA from the clinical specimen. These RNA:DNA hybrids are captured onto a solid phase and are then detected by alkaline phosphatase-conjugated antibodies. When the alkaline phosphatase is cleaved in a chemiluminescent solution, it produces light that can be detected by a luminometer. Specimens were classified as positive if the relative light units/positive control (RLU/PC) ratio was !1 using the 1-pg/mL positive controls supplied in the kit. Special precautions to minimize false-positive results in the HC2 assay were implemented, and selected positive and negative HPV samples were included in the repeat test runs for quality control purposes.
This study was approved by the University Hospitals Health System of Cleveland Institutional Review Board (IRB), Makerere University Institute of Public Health IRB and the Uganda National Council of Science and Technology.
Statistical methods
In a proportion of women high-risk HPV was detected and 95% confidence intervals (CI) were calculated. Exploratory data analysis was conducted to compare women who were and were not infected with high-risk HPV according to categorical variables of interest using Pearson's chi-square or Fisher's exact test and continuous variables using the Student's t-test or Kruskall-Wallis test. Collinearity between variables measuring similar constructs was assessed by calculating the Spearman's rank correlation coefficient. Logistic regression was performed to determine the factors associated with odds of infection with high-risk HPV. Factors for which unadjusted associations with the presence of high-risk HPV was at least suggestive (P , 0.25) were examined for the possible retention in the adjusted models. In choosing predictors to include in the final models, we desired a parsimonious model containing independent predictors. We evaluated the model fit using the Hosmer-Lemeshow goodness-of-fit test. Statistical analysis was carried out using SAS w software version 9.1 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Epidemiology of high-risk human papilloma virus
Of the 323 women who met the inclusion criteria, 314 (97.2%) agreed to participate in the study and provided a self-collected vaginal swab. Fifty-four women had detectable infection with high-risk HPV (Table 1) ; thus, the prevalence of high-risk HPV was 17.2% (95% CI: 13.0, 21.4). The median (interquartile range [IQR]) age was 30 (25, 37) years where women with detectable high-risk HPV DNA being significantly younger than women uninfected with high-risk HPV (P , 0.001).
Most women who resided in the village (83.4%) had no formal education or attended some primary school (81.9%) were of the Anglican faith (68.2%), and reported being in a monogamous marital relationship (79.9%). Overall, 65% of women had one lifetime sexual partner, few (4.1%) had had a non-regular sexual partner in the previous year, and about one-third of the women reported having an abnormal vaginal discharge. The median (IQR) age at first sexual intercourse was 18 (16, 19) years, and this was significantly correlated with age at first birth (r ¼ 0.622; P , 0.001) among women with children. Women whose age of sexual debut was 15 years or younger were more likely to be infected with high-risk HPV (P ¼ 0.021). Women who reported having sexual intercourse more than once per week were more likely to be infected with high-risk HPV, although this did not attain statistical significance (P ¼ 0.079).
Twenty-eight women (10.8%) were pregnant at the time of the home visit and almost all (96%) women previously had a live-birth with the median (IQR) number of full-term pregnancies being four (2, 6) . Parity, which was significantly correlated with age (r ¼ 0.703; P , 0.001), and age at first birth (r ¼ 20.189; P ¼ 0.001) was higher among women not infected with high-risk HPV (P , 0.001). One-third reported ever having a spontaneous abortion or miscarriage. Overall, 14.9% had used oral contraceptives and 7.9% used a condom in the previous year.
Nine (5.6%) women reported being HIV-infected and these women were more likely to be infected with high-risk HPV (P ¼ 0.001). Women who had previously tested for HIV but did not disclose their status to study staff (n ¼ 10) were not more likely to be infected with high-risk HPV (P ¼ 1.000, Fisher's exact test). In addition, these women did not differ from those who disclosed their HIV status (n ¼ 150) or did not previously test for HIV (n ¼ 154) by sociodemographic characteristics, reproductive health, sexual history and substance use. Thus, we classified women as those who did not disclose their HIV status or as those who did not know previously, i.e. status of having unknown HIV status in the subsequent analyses. Overall, 5.7% of women smoked cigarettes and 15.3% had consumed an alcoholic beverage in the previous year.
Risk factors for high-risk human papilloma virus
The association between high-risk HPV detection and age quartile followed a dose -response relationship (Figure 1 ) that was statistically significant (Cochran-Armitage test for trend; P ¼ 0.0005). The proportion (%; 95% CI) of high-risk HPV among women 19-25, 26-30, 31 -37 and 38 -49 years of age was 28.6 (20.0, 39.0), 17.3 (10.5, 27.5), 13.9 (7.9, 23.3) and 7.9 (3.7, 16.2), respectively. Thus, relative to women in 19 -25 years of age, the odds of detecting high-risk HPV decreased by 48%, 60% and 79% among women in 26 -30, 31-37 and 38-49 years of age, respectively. On an average, the odds of detecting high-risk HPV decreased 9% for each one-year increase in age and this remained statistically significant in multivariable analysis ( Table 2) .
On an average, women whose age at sexual debut was 15 years of age or younger had over two times the odds of detection of high-risk HPV. This association was modified by age: for age tertiles, 18 -27, 28 -35 and 36-49 years, the odds of detecting high-risk HPV among women whose at first sex was 15 years versus .15 were 3.32 (95% CI: 1.27, 8.72), 1.69 (95% CI: 0.48, 5.90) and 1.19 (95% CI: 0.22, 6.38), respectively. Because of the small sample size of the study, we did not have sufficient power to detect a statistically significant interaction in logistic regression (results not shown).
Smoking cigarettes in the previous year, which was reported by 18 (5.7%) women, was not statistically significant in unadjusted analysis but positively associated with the detection of high-risk HPV (OR ¼ 1.94; 95% CI: 0.66, 5.69). Adjustment for age indicated that the presence of negative confounding as the odds of detecting high-risk HPV was almost four times greater among smokers compared with non-smokers (OR ¼ 3.19; 95% 1.01, 10.04) after controlling for age. The 
DISCUSSION
In this population-based sample of sexually active women in rural Uganda, the prevalence of high-risk HPV types known to cause cervical cancer was 17.2% (95% CI: 13.0%, 21.4%).
Our study demonstrates a large burden of high-risk HPV among the general population of women residing in rural Uganda: none of the women had ever engaged in commercial sex work, all but one woman were currently or previously married, and few (4.1%) had non-regular sexual partners. Our finding is consistent with the two previous studies conducted in Rakai District in rural Uganda that estimated the prevalence of high-risk HPV to be 16.7% and 19% also using the Hybrid Capture 2 test. 13 Our study had a high participation rate (97.3%), and women were very willing to provide self-collected vaginal specimens. Other studies have also shown high acceptability rates in rural African communities 13, 15, 16 and further demonstrate that this technique is feasible in screening women for high-risk HPV in such settings.
Infection with high-risk HPV declined with increasing age as observed in other studies. 17 -20 In the absence of regular Pap screening and technology to test for high-risk HPV infection in Uganda, it is not possible to know when women in our study first became infected with high-risk HPV. Given this and the fact that HPV infection typically lasts 12 -18 months before it spontaneously resolves, 20 it is likely that infections in younger women represent a recent exposure to high-risk HPV that has not yet resolved, while infections in older women represent a persistent infection. 21 Infection in younger women is likely owing to an earlier age of sexual debut as observed in our study. Among university students in the United States, Kahn et al. found that the relationship between younger age of sexual debut and the subsequent HPV infection was mediated by having a higher number of sexual partners, history of sexually transmitted infection, alcohol and drug use, and partner's number of sexual partners. 22 In our study in Bushenyi District, initiation of sexual activity at a younger age was significantly correlated with having a greater number of lifetime sexual partners (data not shown), but we lacked statistical power to determine if lifetime number of partners explained the relationship between earlier age of sexual debut and infection with high-risk HPV. We did not ask women in our study specifically about their partner's number of sexual partners and lacked power to detect a significant association between polygamous marriage and high-risk HPV infection. However, it is common for men in Uganda to have non-regular sex partners outside monogamous marriage. We found that 15% of women drank alcohol in the previous year, and it was not associated with infection of high-risk HPV. We did not assess drug use, but it was relatively rare in rural Southwestern Uganda. Our finding that smoking cigarettes was associated with high-risk HPV infection, which has been shown to be associated with longer duration of HPV infection, 23 should be interpreted with caution given the low prevalence of smoking among women in our study (5.7%).
The variability in the association between infection with high-risk HPV and sexual behaviour could be attributed to the differences in the sexual transmissibility of the different HPV types in this population. Studies conducted in Brazil and Denmark showed weaker associations between sexual behaviour and low-risk HPV types and stronger relationships with infection of high-risk HPV types, 24, 25 although residual confounding may also be the reason for this observation.
We did not find an association between oral contraceptive use in the past 12 months and high-risk HPV infection. The contraceptive prevalence rate in this community was somewhat low (14.9%). Although in vitro and in vivo evidence shows that hormonal factors may influence the transcription and translation of the HPV genome, 26, 27 the role of oral contraceptives in the risk of HPV infection is largely unknown. We observed a non-significant, positive association between condom use and infection with high-risk HPV among women in our study. Relative to other sexually transmitted infections, condoms are less efficacious in preventing transmission of HPV. 28 Moreover, using condoms is not the norm among couples in Uganda and women who reported using them in the previous year likely perceived their male partners of being at high-risk. Thus, any condom use among women in our study might actually be a marker of increased exposure to infected sexual partners. In fact, individuals are more likely to use condoms with partners whom they perceive as engaging in high-risk sexual behaviour (e.g. new partners, casual partners and sex workers), but not with partners whom they consider to be safe (e.g. long-term partners, regular partners and spouses). 25, 29, 30 Ascertainment of consistent and correct condom practices was not assessed in our study.
HIV-infection, for which the prevalence was 4.9%, was strongly associated with the infection of high-risk HPV. Women who are immunocompromised because of HIV infection are at increased risk of HPV infection and infection with multiple HPV types. 21,31 -35 Furthermore, HIV infection is associated with persistence of HPV infection and subsequent development of cervical neoplasia. 32 Although we were unable to perform Pap smears or colposcopy in this study, among HIV-infected women attending a sexually transmitted infection clinic in Kampala, Uganda, abnormal Pap smear was associated with the presence of high-risk HPV genotypes. 21 A highly efficacious vaccine, 36 -38 against HPV was approved by the US Food and Drug Administration in 2006 (Gardasil, Merck Inc., Whitehouse Station, NJ, USA). The US Advisory Committee on Immunization Practices recommends routine vaccination of girls 11-12 years of age and administration in girls as young as nine years with 'catch-up' vaccination is recommended for females of 13-26 years of age not previously vaccinated. 39 For an HPV vaccination programme to be effective in Uganda, it would be important to immunize young girls before their age of sexual debut in light of the high prevalence of high-risk HPV (29%) we observed in women of 19-25 years of age. Although we did not carry out genotyping to determine which specific high-risk HPV types had infected women participating in our study, other studies have demonstrated that the major oncogenic HPV types circulate in Uganda. 13, 16, 21 Furthermore, it has been shown that a vaccine containing the seven most common HPV types would prevent about 87% of cervical cancers worldwide with little variation. 40 
CONCLUSION
The prevalence of high-risk HPV infection in this populationbased sample of women living in this rural setting of Uganda was high. Since the vast majority of women reported having only one lifetime sexual partner, the sexual behaviour of their male partners likely plays an important role to the risk of becoming infected with high-risk HPV. Studies to understand the acceptability of receiving the HPV vaccine among young girls and their parents residing in both urban and rural Uganda are needed.
